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Reference tio Government: Grants 

The research in this patent application was 
supported in part by National Institutes of Health 
grant QA 2 6380. The United States government has certain 
rights in the invention. 

Field of the Invention 

The present invention relates to the field of 
treatments for cancer and more particularly to the field 
of anticode oligomer treatments for cancer. 

Related AppTication Data 

This appl^^^rCT^ is a continuation-in-part of Serial 
No. 07/840,7161 f^^F^ruary 21, 1992, which was a 
continuation in ps^r^fe^ Serial No. 07,288,692 filed 
December 22, 1988 T^hicnShas been abandoned. 

Background of the Invention 

Current approaches to cancer treatment suffer from a 
lack of specificity. The majority of drugs that have 
been developed are natural products or derivatives that 
either block enzyme pathways or randomly interact with 
DNA. Due to low therapeutic indices, most cancer 
treatment drugs are accompanied by serious dose-limiting 
toxicities • . The administration of drugs to treat cancer 
kills not only cancer cells but also normal non-cancerous 
cells. Because of these deleterious effects, treatments 
that are more specific for cancerous cells are needed . 

It has been found that a class of genes, the 
oncogenes, plays a large role in the transformation and 
maintenance of the cancerous state and that turning off 
these genes, or otherwise inhibiting their effects, can 
return a cell to a normal phenotype. The role of 
oncogenes in the etiology of many human cancers has been 



reviewed in Bishop, "Cellular Oncogenes and 
Retroviruses," Science, 235:305-311 (1987). In many 
types of human tumors, including lymphomas and leukemias, 
the human bcl-2 gene is overexpressed, and may be 
associated with tumorigenicity (Tsujimoto et al. 
Involvement of the bcl-2 gene in human follicular 
lymphoma, Science 228:1440-1443 (1985)). 

Antisense oligodeoxynucleotides are one example 
of a specific therapeutic tool with the potential for 
ablating oncogene function. These short (usually about 
3 0 bases) single-stranded synthetic DNAs have a 
complementary base sequence to the target mRNA and form a 
hybrid duplex by hydrogen bonded base pairing. This 
hybridization can be expected to prevent expression of 
the target mRNA code into its protein product and thus 
preclude subsequent effects of the protein product. 
Because the mRNA sequence expressed by the gene is termed 
the sense sequence, the complementary sequence is termed 
the antisense sequence. Under some circumstances, 
inhibition of mRNA would be more efficient than 
inhibition of an enzyme's active site, since one mRNA 
molecule gives rise to multiple protein copies. 

Synthetic oligodeoxynucleotides complementary 
to (antisense) mRNA of the c-myc oncogene have been used 
to specifically inhibit production of c-myc protein, thus 
arresting the growth of human leukemic cells in vitro, 
Holt et al., Mol. Cell Biol. 8:963-973 (1988), and 
Wickstrom et al., Proc. Natl. Acad. Sci. USA, 
85:1028-1-32 (1988). Oligodeoxynucleotides have also 
t^een employed as specific inhibitors of retroviruses, 
including the human immunodeficiency virus (HIV-I) , 
Zamecnik and Stephenson, Proc. Natl. Acad. Sci. USA, 
75:280-284 (1978) and Zamecnik et al,, Proc. Natl, Acad. 
Sci. USA, 83:4143-4146 (1986). 



The invention provides anticode oligomers and 
methods for inhibiting growth of cancer cells. The 
growth of lymphoma or leukemia cells, which are types of 
lymphocytes, are inhibitied by the anticode oligomers and 
methods" of the invention. An anticode oligomer 
complementary to at least an effective portion of the 
aRNA sense strand to the human bcl-2 gene is provided and 
cells are then contacted with the anticode oligomer in a 
concentration sufficient to inhibit growth of the cells. 
The methods of the invention are suitable for inhibiting 
growth of lymphoma/ leukemia cells that express the human 
bcI-2 gene and have at (14; 18) chromosomal 
translocation as well as those that express the bcl-2 
gene but do not have a t (14; 18) chromosomal 
translocation. 

in accordance with preferred embodiments, the 
anticode oligomer is substantially complementary to a 
strategic site in the pre-mRNA sense strand or 
substantially complementary to the mRNA. A preferred 
strategic site is the translation-initiation site of the 
pre-mRNA coding strand. Alternative strategic sites 
include coding sites for splicing, : transport__or 
degradation. The subject anticode oligomer either in its 
""i^iti^ unmodified form - oligonucleotide - or as a 
derivative, is brought into contact with the target 
lymphoma or leukemia cells. For in vivo therapeutic use, 
a derivative of the "native" oligonucleotide, such as the 
phosphorothioate form is preferable since it is believed 
that these forms are more resistant to degradation, 
notwithstanding the fact that response times to some 
analogues, such as the phosphorothioate analogs, has been 
found to be somewhat slower than to the "native" form of 
the oligoynucleotide. 
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A preferred anticode oligomer, denominated 
herein the TI-AS (translation initiation anticode 
oligomer) is an oligodeoxynucleotide which straddles the 
translation-initiation site of the mRNA coding strand of 
the human bcl-2 gene and is complementary to this region. 
More preferably, this nucleotide comprises a TAC portion 
which is complementary to the ATG initiation sequence of 
the coding strand for the tcl'2 gene, and preferably 
further comprises flanking portions of two to about one 
hundred bases, more preferably from about five to about 
twenty bases, which are complementary to portions of the 
JbcI-2 gene coding strand flanking said initiation 
sequence. The TI-AS nucleotide has been found effective 
at inhibiting the growth of the target cells both in the 
presence and absence of ser\im. 

Alternatively, the anticode oligomer comprises 
an antisense nucleotide complementary to at least an 
effective portion of the splice donor site of the pre- 
nOmA coding strand for the humin bcl-2 gene. More 
particularly, this nucleotide comprises a CA portion 
which is complementary to the GT splice donor of the 
tcl-2, and again comprises flanking portions of two to 
about one hundred bases, preferably from about five to 
about twenty bases, which are complementary to portions 
of the bcl-2 gene coding strand flanking said splice 
donor. 

in yet another embodiment, the anticode 
oligomer is complementary to at least an effective 
portion of the splice acceptor region of the pre-mRNA 
coding strand for the human bc2-2 gene. This oligomer 
comprises at least a TC portion which is complementary to 
the AG splice acceptor of the bcI-2 gene, and again 
comprises flanking portions of two to about one hundred, 
preferably from about five to about twenty bases which 
are complementary to portions of the bcl-2 gene coding 



strand flanking said acceptor. The subject oligomer may 
also be selected to overlap the coding site for the 26 
kDa protein, bcI-2-alpha or for the 22 kDa protein, 
i,c2-2-beta, protein products of the bcl-2 gene, 
preferably the oligomer is selected to minimize homology 
with anticode oligomers for pre-mRNA or mPNA codxng 
strands for other gene sequences. 

Accordingly, a primary object of the present 
invention is the provision of novel anticode oligomers, 
which are useful in inhibiting the growth of cancer 
cells. The present invention also includes compositions 
for inhibiting the growth of tumor cells, which 
compositions comprise the anticode oligomer of the 
present invention together with a pharmaceutical ly 
acceptable carrier. 

A further object of the present invention is 
the provision of methods for inhibiting the growth of 
cancer cells using said anticode oligomers. As a feature 
of the present invention, it was discovered that average 
reductions of 30-40% in the relative levels of bcl-2 
protein markedly enhanced the sensitivity of lymphoma 
cells, in particular, t ( 14 ; 18) -containing lymphoma cell 
lines to cancer chemotherapeutic agents, including 
conventional anticancer drugs. Such reductions were 
achieved by introducing into tumor cells an anticode 
oligomer which binds to either pre-mHNA or mRNA expressec 
from the bcl-2 gene. Two methods were used m the 
present invention to introduce said anticode oligomers 
tumor cells. One method involved contacting the tumor 
cells with a composition comprising the anticode 
oligomers. Another method involved transfecting the 
tumor cells with a vector encoding an antisense 
oligonucleotide. Introducing an anticode oligomer to 
tumor cells achieved a reduction of bcl-2 expression and 



increases the chemosensitivity of neoplastic cells to 
cancer chemotherapeutic agents or anticancer drugs. 

Accordingly, the present invention achieved a 
method of killing tiimor cells by introducing to tumor 
5 cells anticode oligomers which reduce bcl~2 gene 

expression or impair Bcl-2 protein function before 
contacting the cells with cancer chemotherapeutic agents. 
The cancer chemotherapeutic agents reduced the numbers of 
viable malignant cells, and the portion of tumor cells 
10 killed was greater than the portion which would have 

been killed by the same amount of drug in the absence of 
introducing the anticode oligomer oligodeoxynucleotide to 
the cells. 

15 These and other objects of the present 

invention will become apparent from the following 
detailed description. 

Brief Description of the Drawings 

Figure 1 shows graphs of the effects of varying 

2 0 concentrations of antisense oligodeoxynucleotides on 

inhibition of cell proliferation. 

Figure 2 shows graphs of the concentration 
dependence of inhibition of cell proliferation by 
antisense normal and phosphorothioate 
25 oligodeoxynucleotides, Oligodeoxynucleotide additions to 

cultures included TI-AS phosphorothioate (o and two 
separate experiments), TI-S phosphorothioate (A), TI-AS 
normal (□) , and TI-S normal fA) - 

Figure 3 shows the results of gel 

3 0 electrophoresis of six antisense oligonucleotides 

targeted against the translation initiation site of hcl-2 
mRNA, 
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Figure 4 shows the degree of DNA fragmentation 
resulting from oligonucleotide treatment of RS1184 6 
cells. Figure 4(a) shows the effect of oligonucleotides 
targeted against the translation initiation site. 
Figure 4(b) shows the effect of oligonucleotides directed 
against the 5 '-cap region of bcl~2 mRNA. 



dependence of inhibition by an antisense oligonucleotide 
targeted against the translation initiation site of JbcI-2 
mRNA. 

Figures 6 (a) and (b) are graphs showing the 
results of immunofluorescence analysis of bcl~2 protein 
levels in oligonucleotide-treated cells. 

Figures 7 (a) -(d) are FACS profiles for 697 
cells before and after treatment with bcl-2 antisense 
oligonucleotides . 

Figure 8 (a) - (c) show bcl-2 antisense 
oligodeoxynucleotides producing sequence-specific 
reductions in bcl-2 mRNA and bcl-2 protein and producing 
increased sensitivity of SU-DHL-4 cells to cancer 
chemotherapeutic drugs. 

Figure 9 demonstrates the differential effects 
of bcl-2 antisense oligomers on chemosensitivity of 3 2D- 
bcl-2 and 32D-BHRF-1 cells. 

Figure 10 (a-b) shows reduction of 
chemoresistance of RS11S46 cells from inducible bcl-2 
antisense expression from an expression plasmid. 

Figure 11 shows 
methylphosphonate/phosphodiester bcl-2 antisense 
oligomers inducing death of D0HH2 lymphoma cells. 



Figure 5 is a graph showing the concentration 



Figure 12 shows methylphosphonate 
{MP)/Phosphodiester (PO) chimeric oligomers inhibiting 
growth of MCF-7 human breast cancer cells. 




Figure 13 shows optimization of antisense bcl-2 



sequences 



Detailed Description of the Invention 

According to the invention, anticode oligomers 
are provided for inhibiting cancer cell growth, for 
increasing the sensitivity of cancer cells to cancer 
chemotherapeutic agents, or for inducing cancer cell 
death alone or in combination with any one or more cancer 
chemotherapeutic agents . 

Definitions 

As used herein, the term "anticode oligomers" 
means anticode oligonucleotides and analogs thereof and 
refers to a range of chemical species that recognize 
polynucleotide target sequences through hydrogen bonding 
interactions with the nucleotide bases of the target 
sequences. The target sequences may be single- or 
double-stranded RNA or single- or double-stranded DNA. 

The anticode oligonucleotides and analogs 
thereof may be RNA or DNA, or analogs of RNA or DNA, 
commonly referred to as antisense oligomers or antisense 
oligonucleotides. Such RNA or DNA analogs comprise but 
are not limited to 2-*0-alkyl sugar modifications, 
methylphosphonate , phosphorothiate , phosphordithioate , 
formacetal, 3 ' -thiof ormacetal , sulfone, sulfamate, and 
nitroxide backbone modifications, and analogs wherein the 
base moieties have been modified. In addition, analogs 
of oligomers may be polymers in which the sugar moiety 
has been modified or replaced by another suitable moiety, 
resulting in polymers which include, but are not limited 
to, morpholino analogs and peptide r.ucleic acid (PNA) 



analogs (Egholm, et al. Peptide Nucleic Acids (PNA) - 
Oligonucleotide Analogues with an Achiral Peptide 
Backbone, (1992) ) . 

Anticode analogs may also be mixtures of any of 
5 the oligonucleotide analog types together or in 

combination with native DNA or RNA. At the same time, 
the oligonucleoltides and analogs thereof may be used 
alone or in combination with one or more additional 
oliognucleotides or analogs thereof. The 
10 oligonucleotides may be from about 10 to about 1,000 

nucleotides long. Although oliognucleotides of 10 to 100 
nucleotides are useful in the invention, preferred 
oligonucleotides range from about 15 to about 24 bases in 

length. 

]_5 Anticode oligonucleotides and analogs thereof 

also comprise conjugates of the oligonucleotides and 
analogs thereof. (John Goodchild, Congugates of 
Oligonucleotides and Modified Oligonucleotides: A Review 
of Their Synthesis and Properties, Bioconjugate 

20 Chemistry , Volume 1 No. 3, May/June (1990)). Such 

conjugates having properties to improve the uptake, 
pharmacokinetics, and nuclease resistance of the 
oligonucleotide, or the ability to enhance cross-linking 
or cleavage of the target sequence by the 

25 oligonucleotide. 

As used herein, the term "cell proliferation" 
refers to cell division rate/cell' cycle. The term 
"growth," as used herein, encompasses both increased cell 
numbers due to faster cell division and due to slower 
3 0 rates of cell death. 



As used herein, bcl-2 gene expression refers t 
bcl-2 protein production from the human bcl-2 gene; e.g. 



reduced bcl-2 gene expression means reduced levels of 
bcl-2 protein. 



AS used herein, "strategic sites" are defined 
as any site which when bound by the claimed anticode 
molecules or analogs thereof results in inhibiting 
expression of the bcl-2 gene. 

As used herein, the term "sequence portion" is 
a portion of the nucleotide sequence of an RNA 
oligonucleotide. In appropriate contexts, "sequence 
portion" may refer to a portion of the nucleotide 
sequence of a DNA segment or DMA oligonucleotide. 

Uncontrolled cell proliferation is a marker for 
a cancerous or abnormal cell type. Normal, non-cancerous 
cells divide regularly, at a frequency characteristic for 
the particular type of cell. When a cell has been 
transformed into a cancerous state, the cell divides and 
proliferates uncontrollably. Inhibition of proliferation 
modulates the uncontrolled division of the cell, 
containment of cell division often correlates with a 
return to a non-cancerous state. 

A human gene termed bcI-2 (B cell 
lymphoma/ leukemia-2) is implicated in the etiology of 
some common lymphoid tumors, Croce et al., "Molecular 
Basis Of Human B and T Cell Neoplasia," in: Advance in 
Viral oncology, 7:35-51, G. Klein (ed.), New York: Raven 
Press, 1987. High levels of expression of the human 
bcI-2 gene have been found in all lymphomas with t (14; 
18) chromosomal translocations including most follicular 
B cell lymphomas and many large cell non-Hodgkin • s 
lymphomas. High levels of expression of the bcI-2 gene 
have also been found in certain leukemias that do not 
have a t(14; 18) chromosomal translocation, including 
most cases of chronic lymphocytic leukemia acute, many 



lymphocytic leukemias of the pre-B cell type, 
neuroblastomas, nasophryngeal carcinomas, and many 
adenocarcinomas of the prostate, breast, and colon. 
(Reed et al.. Differential expression of bcl-2 
protooncogene in neuroblastoma and other human tumor cell 
lines of neural origin. Cancer^. 51: 6529 (1991) ; Yunis 
et al. Bcl-2 and other genomic alterations in the 
prognosis of large-cell lymphomas. Npw Fnql and J. Med . 
320:1047; Campos et al. High expression of bcl-2 protein 
in acute myeloid leukemia is associated with poor 
response to chemotherapy. Slfiod 81:3091-3096 (1993); 
McDonnell et al. Expression of the protooncogene bcl-2 
and its association with emergence of androgen- 
independent prostate cancer. Cance^Res. 52:6940-6944 

(1992) ; Lu Q-L, et al. Bcl-2 protooncogene expression 
in Epstein Barr Virus-Associated Nasopharyngeal 
carcinoma, m^. J Cancer 53:29-35 (1993); Bonner et al . 
bcl-2 protooncogene and the gastrointestinal mucosal 
epithelial tumor progression model as related to proposed 
morphologic and molecular sequences, T,ab Invest . 68:43A 

(1993) ) . 

While not limited to the following explanation, 
the present invention exploits cellular mechanisms 
concerned with normal cell death. Because most types or 
cells have a finite life span and are programmed to die, 
uncontrollable cell accumulation can also result because 
of a defect in normal cell death mechanisms rather than 
through an increased rate of cell division. The bcl-2 
gene contributes to the pathogenesis of cancer primarily 
by prolonging cell survival rather than accelerating cell 
division. 

Antisense oligomers suitable for use in the 
invention include nucleotide oligomers which are two to 
two hundred nucleotide bases long; more preferably ten to 
forty bases long; most preferably twenty bases long. The 



oligonucleotides are preferably selected from those 
oligonucleotides complementary to strategic sites along 
the pre-mRNA of jbci-2, such as the translation initiation 
site, donor and splicing sites, or sites for 
5 transportation or degradation. 

Blocking translation at such strategic sites 
prevents formation of a functional bcl-2 gene product. 
It should be appreciated, however, that any combination 
or subcombination of anticode oligomers, including 

10 oliognucleotides complementary or substantially 

complementary to the jbcI-2 pre-mRNA or mRNA that inhibit 
cell proliferation is suitable for use in the invention. 
For example, oligodeoxynucleotides complementary to 
sequence portions of contiguous or non-contiguous 

15 stretches of the bcl-2 RNA may inhibit cell proliferation 

and would thus be suitable for use in the invention. 

It should also be appreciated that anticode 
oligomers suitable for use in the invention may also 
include oligonucleotides flanking those complementary or 

2 0 siibstantially complementary to such sequence portions as 

the strategic or other sites along the bci-2 mRNA. The 
flanking sequence portions are preferably from two to 
about one hundred bases, more preferably from about five 
to about twenty bases in length. It is also preferable 
25 that the anticode oligomers be complementary to a 

sequence portion of the pre-mRNA or mRNA that is not 
commonly found in pre-mRNA or mRNA of other genes to 
minimize homology of anticode oligomers for pre-mRNA or 
mRNA coding strands from other genes. 

3 0 Preferred antisense, or complementary, 

oligodeoxynucleotides are listed in Table 1. 
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TABLE I 
JbcI-2 Oligodeoxyijiucleotides 

translation initiation 
antisense (TI-AS) 



3 ' . . • CCCTTC( 



be 1-2 




ACCGCGTGCGAC • . . 5 ' ^ 



5' . . .CTTTTCCTCTGGGAAGGATGGCGCACGCTGGGAGA. . fc^J 



splice donor 
antisense (SD-AS) 



31. . • CCTCCGA2CCATCCACGTAG ... 5 



JbcI-2 



5 • . . .ACGGGGTAC. . . GGAGGCTGGGTAGGTGCATCTGGT . . . 3 ' 



splice acceptor 

antisense (SA-AS) 3 • . . .GTTGACGTCCTACGGAAACA. . . 5 • 



Jbci-2 



5 ' . . . CCCCCAACTGCAGGATGCCTTTGTGGAACTGTACGG . . . 3 ' 



15 



It will be appreciated by those skilled in the 
art to which this invention pertains, that anticode 
oligomers having a greater or lesser number of 
substituent nucleotides, or that extend further along the 
bc2-2 mRNA in either the 3* or 5 ' direction than the 
preferred embodiments, but which also inhibit cell 
proliferation are also within the scope of the invention. 
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It is preferable to use chemically ncdified 
derivatives or analogs of anticode oligomers in the 
performance of the invention rather than "native" or 
unmodified oligodeoxynucleotides. "Native" 
oligodeoxynucleotides can be conveniently synthesized 
with a DNA synthesizer using standard phosphoramidite 
chemistry. Suitable derivatives, and methods for 
preparing the derivatives, include phosphorothioate , 
Stein et al., Nucl. Acids Res., 16:3209-3221 (1988); 
methylphosphonate, Blake et al.. Biochemistry 
24:6132-6138 (1985) and alphadeoxynucleotides , Morvan et 
al., Nucl. Acids Res.. 14:5019-5032 (1986), 2*-0-methyl- 
ribonucleosides (Monia et al. Evaluation of 2 '-modified 
oligonucleotides containing 2* deoxy gaps as antisense 
inhibitors of gene expresssion. .t. Biol, Chem. 268:14514- 
14522 (1933)), and covalently-1 inked derivatives such as 



.: ) 

acridine, Asseline et al., Proc. Natl Acad. Sci. USA 
81:3297-3201 (1984); alkylated (e.g., 
N-2-chlorocethylainine) , Knorre et al., Blochemie 
67:783-789 (1985) and Vlassov et al., Nucl. Acids Res. 
14:4065-4076 (1986); phenazine, Knorre et al . , supra, and 
Vlassov et al-, supra: 5-methyl-N*-N^-ethanocytosine, Webb 
et al-, Nucl. Acids Res. 14:7661-7674 (1986); 
Fe-ethylenediamine tetraacetic acid (EDTA) and analogues, 
Boutorin et al,, FEES Letter^s 172:43-46 (1984); 
S-glycylamido-l, 10-o-phenanthroline, Chi-Hong et al . , 
Proc. Natl. Acad. Sci. USA 83:7147-7151 (1986); and 
diethylenetriaamine-pentaacetic acid (DTPA) derivatives, 
Chu et al., Proc. Natl. Acad. Sci. 82:963-967 (1985). 
All of the above publications are hereby specifically 
incorporated by reference as if fully set forth herein. 

The anticode oligomer of the present invention 
can also be combined with a pharmaceutically acceptable 
carrier for administration to a subject or for ex-vivo 
administration. Examples of suitable pharmaceutical 
carriers are a variety of caticnic lipids, including, but 
not limited to N- ( 1-2 , 3-dioleyloxy) propyl) - 
n,n,n-trimethylammonium chloride (DOTMA) and 
dioleoylphophotidylethanolamine (DOPE)], Liposomes are 
also suitable carriers for the anticode oligomers of the 
invention. 

The anticode oligomers may be administered to 
patients by any effective route, including intravenous, 
intramuscular, intrathecal , intranasal , intraperitoneal , 
subcutaneous injection, in situ injection and oral 
administration. Oral administration requires enteric 
coatings to protect the claimed anticode molecules and 
analogs thereof from degradation along the 
gastrointestinal tract. The anticode oligomers may be 
mixed with an amount of a physiologically acceptable 
carrier or diluent, such as a saline solution or other 
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suitable liquid. The anticode oligomers may also be 
combined with liposomes or other carrier means to 
protect the anticode molecules or analogs thereof from 
degradation until they reach their targets and/or 
facilitate movement of the anticode molecules or analogs 
thereof across tissue barriers. 

The anticode oligomers may also be useful for 
ex vivo bone marrow purging. Normally, the amounts of 
conventional cancer chemotherapeutic agents or drugs and 
irradiation that a patient can receive are limited by 
toxicity to the marrow, i.e., anemia (fatigue, heart 
failure) , thrombocytopenia (bleeding) , neutropenia 
(infection). Thus, in order to deliver sufficient 
concentrations of drugs and irradiation to totally 
eradicate the tumor, the physician would simultaneously 
destroy the patient's normal bone marrow cells leading to 
patient demise. Alternatively, large amounts of bone 
marrow can be surgically extracted from the patient and 
stored In vitro, while the patient receives aggressive 
conventional treatment. The patient can then be rescued 



by reinfusion of their own 



bone marrow cells, but only if 



that marrow has been "purged" of residual malignant 
cells. The claimed anticode oligomers could be used to 
remove residual malignant cells from the bone marrow. 
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The anticode oligomers are administered in 
amounts effective to inhibit cancer or neoplastic cell 
growth. The actual amount of any particular anticode 
oligomer administered will depend on factors such as the 
type of cancer, the toxicity of the anticode oligomer to 
other cells of the body, its rate of uptake by cancer 
cells, and the weight and age of the individual to whom 
the anticode oligomer is administered. Because of 
inhibitors present in human serum that may interfere with 
the action of the anticode oligomer an effective amount 
of the anticode oligomer for each individual may vary- 



An effective dosage for the patient can be ascertained by 
conventional methods such as incrementally increasing the 
dosage of the anticode oligomer from an amount 
ineffective to inhibit cell proliferation to an effective 
5 amount. It is expected that concentrations presented to 

cancer cells in the range of about 0.001 micromolar to 
about 100 micromolar will be effective to inhibit cell 
proliferation. 

The anticode oligomers are administered to the 

10 patient for at least a time sufficient to inhibit 
proliferation of the cancer cells. The anticode 
oligomers are preferably administered to patients at a 
frequency sufficient to maintain the level of anticode 
oligomers at an effective level in or around the cancer 

15 cells. To maintain an effective level, it may be 

necessary to administer the anticode oligomers several 
times a day, daily or at less frequent intervals. 
Anticode oligomers are administered until cancer cells 
can no longer be detected, or have been reduced in number 

20 such that further treatment provides no significant 

reduction in number, or the cells have been reduced to a 
number manageable by surgery or other treatments. The 
length of time that the anticode oligomers are 
administered will depend on factors such as the rate of 

25 uptake of the particular oligodeoxynucleotide by cancer 

cells and time needed for the cells to respond to the 
oligodeoxynucleotide. In vitro, maximal inhibition of 
neoplastic cell growth by "native," unmodified anticode 
oligomers occurred two days after initiation of 

30 cultures,, whereas phosphorothioate oligodeoxynucleotides 

required 4 to 7 days to achieve maximal inhibition. I-i 
vivo, the time necessary for maximal inhibition of cell 
proliferation may be shorter or longer. 



The anticode oligomers of the invention may be 
administered to patients as a combination of two or more 
different anticode oligomer oligodeoxynucleotide 
sequences or as a single type of sequence. For instance, 
TI-AS and SD-AS could be administered to a patient or 
TI-AS alone. 

It is also believed that the anticode oligomers 
of the invention may be useful in the treatment of 
autoimmune diseases. Autoimmune diseases are those 
diseases in which the body's immune system has 
malfunctioned in some way. Administration of the 
anticode oligomers of the invention to a person having an 
autoimmune disease should inhibit proliferation of bcl-2 
overexpressing lymphocytes, which would in turn reduce 
the symptoms of the autoimmune disease. For use in 
treating autoimmune diseases,' the anticode oligomers 
would be administered as described herein. 

EXAMPLES 

General Methods 

The Examples below use the following protocols: 
A. Cells and Cell Cultures. Human leukemic 
cells lines used for these studies were RS11846 
follicular lymphoma cells, 697 pre-B cell acute 
lymphocytic leukemic cells, and JURAT T cell acute 
lymphocytic leukemic cells as described in Tsuj imoto et 
al., Proc. Natl. Acad. Sci. USA, 83:5214-5218 (1986) and 
Weiss et al., Proc. Natl. Acad. Sci. USA. 138:2169-2174 
(1987). Human peripheral blood lymphocytes (PBL) were 
isolated from fresh whole blood as described in Reed et 
al., J. Immunol.. 134:314-319 (1985). All lymphoid cells 
were cultured at 5x10^ cells/ml in RPMI medium 
supplemented with 1 mM glutamine, antibiotics, and either 
5-10% (v:v) fetal bovine serum (FES), 5-10% (v:v) calf 
serum (CS) (both from Hyclone Laboratories), or 1% (v:v) 
HLI concentrated supplement (Ventrex Laboratories) for 



serum-free cultures. Murine fibroblast cell lines were 
added at 10^ cells/cm^ in DMEM medium containing 
glutamine, antibiotics and 5-10% (v:v) FCS. Fibroblast 
cell lines were NIH 3T3 cells, 3T3-B-alpha-S cells, and 
3T3-B-alpha-AS cells. These latter two cell lines are 
NIH 3T3 cells that express high levels of a human 
bcI-2-alpha cDNA in either the sense or antisense 
orientation, respectively, by virtue of stable 
transfection with expression vectors constructs. 

B. Measurement of Cellular Growth. Growth of 
cell lines cultured in the presence or absence of 
anticode oligomers was measured by two methods: cell 
counts using a hemocytometer ; and DNA synthesis by 
assaying [^] -thymidine incorporation essentially as 
described in Reed et al,, J". Immunol. , 134:314-319 

(1985) . Briefly, cells were cultured in 96-well flat- 
bottomed microtiter plates (Falcon) at 0.2 ml/well. At 
appropriate times, cells were resuspended, 2 5 ^^1 removed 
from cultures for cell counting, and this volume replaced 
with 25 Ml of 20 UCi/ML [^H] -thymidine (specific activity 
6.7 Ci/mmole) (New England Nuclear). Microtiter cultures 
were then returned to 37*C and 95% air: 5% CO^ atmosphere 
for 8 hours before lysing cells an glass filters and 
determining relative levels of [^H] -thymidine 
incorporation into DNA by scintillation counting. Cell 
counts were performed in the presence of trypan blue dye 
to determine the concentration of viable cells in 
duplicate microcultures. 

MTT [ 3- (4 , 5-dimethylthia2ol-2-yl) -2 , 5-diphenyl 
tetrazolium bromide) ] dye reduction assays were performed 
by the method of Tada, et al. J. Immunol Methods 93, 157 

(1986) , and confirmed to be within the linear range of 
the assay under the conditions described here. The 
number of viable cells per well was extrapolated from 
standard curves that were included with each assay and 




that consisted of serial two-fold dilutions of 
exponentially growing SU-DHL-4 cells in HL-1 medium, 
beginning with 10^ cells/ml (0 . 2mi/well) . Samples were 
assayed in triplicate and the 00600^ for a media/reagent 
5 blank was subtracted from all values prior to 

calculations • 

C. RNA Blot Analysis. Total cellular RNA was 
isolated by a quanidinium isothiocyanate/phenol procedure 
as described in Chomczynski et al., Analyt* Biochem. , 

10 162:156-139 (1987). The polyadenylated fraction was 

purified by oligodeoxythymidine-cellulose chromatography 
as described in Aviv et al., Proc. Natl. Acad. Sci, USA, 
69:1408-1412 (1972). Approximately 5 iiq alicuots of mRNA 
were size-fractionated in 0.8% agarose/6% formaldehyde 

15 gels and transferred to nylon membranes. Blczs were 

prehybridized, hybridized, and washed exactly as 
described in Reed et al., Mol. Cell Biol., 5:3361-3366 
(1985), using either a ^^P-cDNA for human jbci-2, as 
described in Tsujimctc et al., Proc. Na tl. Acad. Sci. 

20 USA , 83:5214-5218 (1986), or a murine Jbci-2 prcbe, 

pMBCL5.4 as described in Negrini et al . , Cell, 49:455-463 
(1987). Blots were exposed to Kodak XAR film with 
intensifying screens at -70 for 1-10 days. Eluting 
^^P-jbcI-2 probes from membranes and rehybridizing with a 

25 ^^P probe for mouse beta-2-microglobulin verified nearly 

equivalent amounts of mRNA for all samples on blots. 

EXAMPLE 1 
Preparation of Antico de oligomers 
Normal and phosphorothioate 
30 oligodeoxynucleotides were synthesized using an Applied 

Biosystems 380B DNA synthesizer, and purified by HPLC 
reverse-phase chromatography (PRP-1 column) as described 
in Stein et al., Nucl. Acids Res., 16:3209-3221 (1988) 
which is specifically incorporated as if fully set forth 
3 5 herein. In some cases it was necessary to further purify 



oligodeoxynucleotides by C18-Sep-Pak chromatography 
(Waters Associates, Millipore, Inc.)/ as described 
previously in Kern et al- , J. Clin. Invest., 81:237-244 
(1988), to eliminate nonspecific cytotoxic activity. 
Oligodeoxynucleotides eluted in 3 0% acetonitrile were 
evaporated to dryness, resuspended at 1-2 mM in sterile 
Dulbecco's phosphate-buffered saline or Hanks' buffered 
salt solution (both from Gibco) , and stored at -80 'C in 
small' aliquots. 

Table 1 shows the oligodeoxynucleotides 
synthesized and their relation to the sense-strand of the 
human bcI-2 gene. Portions of the sequence of the coding 
strand of the human JbcI-2 gene are shown, including the 
translation initiation site (top) , splice donor site 
(middle) , splice acceptor region (bottom) , and 
emperically selected sites within the 5* untranslated 
portion of bcl-2 pre-mRNA. The ATG initiation codon, GT 
splice donor, and AG splice acceptor consensus sequences 
are in boxes. 

The sequences of the oligodeoxynucleotides 
synthesized for these investigations are presented, and 
their relation to human jbcI-2 mRNA is indicated. The 
TI-AS oligodeoxynucleotide is antisense at the 
translation initiation site and TI-S is its complementary 
sense version. SD-AS and SD-S are oligodeoxynucleotides 
having antisense and sense orientations, respectively, 
relative to the splice donor region. 

The oligodeoxynucleotide TI-AS straddles the 
predicted translation-initiation site of bci-2 mRNAs and 
is complementary (antisense) to this region. As a 
control, the sense version of this 20 bp 
oligodeoxynucleotide, TI-S, was also synthesized. 



In an effort, to specifically block splicing of 
jbcI-2 mRNAs, a 20 bp antisense oligodeoxynucleotide, 
SD-AS, was synthesized that overlaps the splice donor 
site in jbcI-2 primary transcripts. In addition, a 
complementary sense oligodeoxynucleotide, SD-S, was 
prepared as depicted in Table 1. The human bci-2 gene 
gives rise to several transcripts through alternative 
splice site selections, see Tsujimoto et al*, Proc. Natl. 
Acad. Scl. USA, 83:5214-5218 (1986). The preponderance 
of these transcripts depend upon splicing and encode a 2 6 
kDa protein, Jbcl-2 -alpha. One minor transcript, however, 
does not undergo a splice and consequently encodes a 22 
kDa protein Jbci-2-beta. The SD-AS oligodeoxynucleotide 
can thus potentially block maturation of most but not all 
JbcI-2 transcripts. 

EXAMPLE 2 

Treatment of Serum for In Vitr o Investigations 
of Antisense Normal Oliaode oxvnucleotides 
Because normal oligodeoxynucleotides are 
sensitive to degradation by nucleases present in serum, 
the efficacy of the TI-AS oligodeoxynucleotide in fetal 
bovine serum (FBS) heated for 3 0 minutes at 56 'C (the 
usual procedure for inactivating serum complement) was 
contrasted with the efficacy of TI-AS in FBS heated for 
1 hour at 68 'C, a temperature sufficient for irreversible 
inactivation of many nucleases. The RS1184 6 follicular 
lymphoma cell line was used. RS11846 cells contain a t 
(14; 18) chromosomal translocation that deregulates bci-2 
expression, resulting in the accximulation cf high levels 
of bcI-2 mRNAs, Tsujimoto et al., Proc. Natl. Acad. Sci. 
C7SA, 83:5214-5218 (1986). 

RS11846 follicular lymphoma cells were cultured 
in medium containing 5% (vol: vol) fetal bovine serum 
(FBS) that had been heated at 56*C for 0.5 "hours or at 
68 •€ for 1 hour. TI-AS normal oligodeoxynucleotide was 



added at the initiation of culture, and the density of 
viable cells determined two days later. 

The TI-AS normal oligodeoxynucleotide was more 
effective in 68 C-treated serum at suppressing the growth 
in culture of these lymphoma cells. In all subsequent 
experiments, sera heated at 68 'C for 1 hour prior to use 
were used in cultures. This treatment did not impair the 
growth-supporting capacity of the sera, 

EXAMPLE 3 

Specific Inhibition of Lymphoid Cell Growth 
bv Antisense Normal Oliaodeoxvnucleotides 

Antisense normal oligodeoxynucleotides directed 
against the translarion initiation site (TI-AS) and the 
splice doner site (SD-AS) of bcI-2 transcripts were 
tested for "cheir abiliry to suppress the proliferation of 
normal and neoplastic lymphoid cells. 

RS11846 follicular lymphoma cells, JUKRAT 
T cell leukemia cells, and freshly isolated peripheral 
blood lymphocytes were cultured in medium containing 10% 
(vol: vol) FBS that had been heated at 68 'C for one hour, 
various concenrrations of normal oligodeoxynucleotides 
were added at the initiation of culture, including: 
TI-AS, TI-S, SD-AS, and SD-S, Relarive DNA synthesis was 
measured in cultures after 2-3 days by [^H] -thv-midine 
incorporation. Data were calculated as a percentage of 
control cultures containing volumes of PBS or HESS 
equivalent to oligodeoxynucleotide-treared cultures, and 
represent the mean (± standard deviation) of duplicate 
cultures . 

Similar data were obtained by measuring cell 
counts, excluding cold thymidine inhibition as an 
explanation for the suppression of DNA synthesis observed 
in cultures treated with antisense oligodeoxynucleotides. - 



As shown in Figure 1, bozn the TI-AS and SD-AS 
oligodeoxynucleotides inhibited the growth of RS1184 6 
cells in a concentration-dependent manner. The SD-AS 
oligonucleotide was less effective in inhibiting cell 
growth than the TI-AS oligodeoxynucleotide. In contrast 
to these antisense oligodeoxynucleotides, sense 
oligodeoxynucleotides (TI-S and SD-S) were not inhibitory 
even at concentrations of up to 250 /iG/ml. Moreover, 
non-sense oligodeoxynucleotides (i.e., those having the 
same base composition as the antisense 

oligodeoxynucleotides but with scrambled sequences) also 
failed to suppress the proliferation of RS11846 cells. 
The data thus indicate that antisense 
oligodeoxynucleotides can specifically block the 
proliferation of these tumor cells. Several other 
leukemic cell lines that express the jbci-2 gene 
were also tested for inhibition of their proliferation by 
TI-AS and SD-AS oligonucleotides. As with the JURKAT 
T cell acute lymphocytic leukemic cells, in every case a 
specific and concentration-dependent decrease in the 
growth of these human leukemic cells in cultures 
containing antisense oligodeoxynucleotides was observed. 

It has been demonstrated that bcl~2 expression 
is transiently induced in normal human peripheral blood 
lymphocytes (PBL) when these cells are stimulated to 
proliferate, suggesting that this gene may play a role in 
the regulation of normal lymphocyte growth. Reed et al.. 
Science 236:1295-1297 (1987). The capacity of antisense 
oligodeoxynucleotides to impair the growth of PBL 
cultured with a monoclonal antibody, 0KT3 (Van den Elsen 
et al.. Nature 312:413-418 (1984)), that stimulates their 
proliferation was therefore tested. PBL were stimulated 
with 50 Ml of purified 0KT3 monoclonal antibody- As 
shown in Figure 1, the TI-AS oligodeoxynucleotide 
specifically suppressed the proliferation of PBL in a 
concentration-dependent manner. These antisense normal 



oligodeoxynucleotides thus suppressed the growth in 
culture of leukemic cells that constitutively express the 
jbcI-2 gene and of normal lymphocytes where in jbci-2 
expression is inducible. 

EXAMPLE 4 
Time-Course of Inhibition bv 
Antisense Normal Oligodeoxynucleotides 
The kinetics of inhibition by antisense 
oligodeoxynucleotides was examined in cultures of RS11846 
follicular lymphoma cells and of 697 pre-B cell acute 
lymphocytic leukemia cells. Both of these neoplastic 
B cell lines transcribe and accumulate Jbci-2 mRNAs at 
high levels, Tsujimoto et al., Proc, Natl. Acad. Sci. 
USA, 83:5214-5218 (1986). 

RS11846 follicular lymphoma and 697 pre-B cell 
leukemia cells were cultured in medixim containing 10% 
(vol; vol) 68'C-treated FBS and normal 

oligodeoxynucleotides. Cells were cultured with 50 ^g/ml 
TI-AS, 100 Mg/ml SD-AS, 50 ^g/ml TI-S (RS11846 cells) or 
100 Mg/ml SO-S (697 cells), or PBS as a control. DNA 
synthesis (kcpm/10^ viable cells) and cell densities (10^ 
viable cells/ml) were measured at various times after 
initiation of cultures. 

Antisense normal oligodeoxynucleotides markedly 
inhibited DNA synthesis measured in cultures of these 
cells within 24 hours. Diminished cell densities were 
readily apparent in these cultures within 2 days. 
Antisense normal oligodeoxynucleotides thus rapidly 
inhibited the in vitro growth of leukemic cells. The 
action of antisense oligodeoxynucleotides was specific, 
since sense oligodeoxynucleotides did not impair 
proliferation in these cultures. Though cell viabilities 
often declined during the later days of culture no 
increase in cell death was seen during the first 1-2 days 



of culture with antisense oligodeoxynucleotides, 
suggesting a non-cytotoxic mechanism. 



EXAMPLE 5 

Comparision of Different Serum Preparations 
5 Inhibition of proliferation of leukemic cells 

with antisense oligodeoxynucleotides can vary greatly 
depending on the lot of serxim used in cultures. 

To determine the effects of serum of inhibition 
of proliferation, relative levels of DNA synthesis were 

10 measured in cultures of 697 pre-B cell leukemia cells 

2 days after addition of 200 ;xM TI-AS normal 
oligodeoxynucleotide. Cells were cultured in medium 
supplemented with 1% (vol: vol) HLl-concentrate 
(serum-free condition), 5% (volrvol) of two different 

15 lots of calf serum (CSl and CS2) , or 5% (volrvol) of two 

different lots of fetal bovine serum (FBSl and FBS2) . 
All sera were heated at 68 for 1 hour prior to use in 
cultures . 

The normal TI-AS oligodeoxynucleotide markedly 
20 inhibited DNA synthesis (92%) and cellular proliferation 

in serum-free cultures (HLl) of 697 cells. This 
antisense oligodeoxynucleotide was equally effective 
(94%) in cultures containing 5% (v:v) of one of the lots 
of fetal bovine serum (FBS2), In contrast, inhibition 
25 was significantly reduced in cultures containing other 

servim preparations (CSl, CS2, FBSl). It has been 
generally observed that antisense normal 
oligodeoxynucleotides are less effective in cultures 
supplemented with calf serum (CS) than in those 
30 containing fetal bovine serum (FBS) . 



EXAMPLE 6 

Concentration Dependence of Inhibition bv Antisense 
Normal Oliaodeoyvnucleotides in Serum-Free Cultures 

697 pre-B cell leukemia cells were cultured in 
medium with either 1% (vol: vol) HLl-concentrate 
(serum- free conditions or 5% (vol: vol) 68*C-treated 
FBS2) . Relative levels of DNA synthesis and cellular 
densities measured after 2 days in cultures containing 
variovis concentrations of normal TI-AS 
ol igodeoxynucleot ide . 

The TI-AS oligodeoxynucleotide was inhibitory 
at lower concentrations when used in serum-free cultures. 
At 100 /iM, for instance, no inhibition of cellular 
proliferation was seen in FBS2-containing cultures, 
whereas cell counts were reduced by approximately 75% in 
serum-free cultures. At higher concentrations of 
antisense oligodeoxynucleotides (200-250 /xM) , however, 
inhibition of 697 cellular proliferation was comparable 
in both types of cultures. The increased efficacy of 
normal oligodeoxynucleotides in serum-free cultures was 
specific, since the sense oligonucleotide (TI-S) was not 
inhibitory at the same concentrations, 

EXAMPLE 7 

Antisense Phosphorothioate Oligodeoxynucleotides : 

Time Course of Inhibition 
To contrast the efficacy of phosphorothioate 
oligodeoxynucleotides with that of normal 
oligodeoxynucleotides with regard to inhibition of human 
leukemic cell growth, phosphorothioate 

oligodeoxynucleotides were cultured with 697 pre-B cell 
leukemia cells and the effects on inhibition were 
measured. 697 pre-B cell leukemia cells were cultured in 
serum-free medium for various times before measuring DNA 
synthesis (kcpm) and cell densities (10^ cells/ml) . Cells 
were seeded at an initial density cf either 0.2x10^ 
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cells/ml or O.SxlO^ cells/ml. Culture conditions were 
25 TI-AS phosphorathioate, 25 MM TI-S 

phosphorothioate, and control cultures treated with HBSS. 

To avoid experimental variation due to 
differences among lots of sera, 697 leukemic cells were 
cultured in serum- free conditions- When cultured at an 
initial seeding density of 0-5x10^ cells/ml, 697 cells 
achieved maximal DNA synthesis and cellular densities at 
4-5 days. Addition of 25 sense phosphorothioate 
oligodeoxynucleotide (TI-S) at the initiation of these 
cultures had little effect on 697 cell growth. In 
replicate cultures containing 25 antisense 
phosphorothioate (TI-AS), however, some diminution in DNA 
synthesis was evident within 2 days and was maximal at 
4-5 days. Maximal inhibition of 697 cell growth, as 
determined by cell counts, was seen at 6 days after 
initiation of cultures. 

When 697 cells were initially seeded at 0.2x10^ 
cells/ml, the antisense phosphorothioate 
oligodeoxynucleotide, TI-AS, resulted in only slight 
inhibition at 2 days, attaining maximal suppression of 
DNA synthesis in these cultures at day 7. As with normal 
oligodeoxynucleotides, this inhibition by 
phosphorothioate oligodeoxynucleotides appeared to be 
mediated through non-cytotoxic mechanisms, since cellular 
viabilities did not decline until late in the course of 
culture. Compared with normal antisense 
oligodeoxynucleotides, therefore, phosphorothioate 
oligodeoxynucleotides had a slower onset of action. 



EXAMPLE 8 

Concentration Dependence of Inhibition bv Antisense bcl-2 

Phosphorothioate Oliaodeoxvnucleotides 
The concentration descendence of inhibition by 
5 phosphorothioate and normal TI-AS oligodeoxynucleotides 

in cultures of 697 cells in serum-free medium was 
compared as follows. 

697 cells were cultured in serum-free medium 
for either 3 days (normal oligodeoxynucleotides) or 
10 4 days (phosphorothioate oligodeoxynucleotides) prior to 

measuring cell densities and levels of DNA synthesis. 
Oligodeoxynucleotide additions to cultures included TI-AS 
phosphorothioate, TI-S phosphorothioate, TI-AS normal, 
and TI-S normal. 

15 As shown in Figure 2, TI-AS phosphorothioate 

oligodeoxynucleotides markedly inhibited the 
proliferation of 697 cells at 25-50 mM* In contrast, 
normal TI-AS oligodeoxynucleotides required 
concentrations 5- to 10-fold higher (approximately 250 

20 mM) to cause a comparable suppression of 697 cellular 

proliferation. Suppression by the antisense 
phosphorothioate oligodeoxynucleotide TI-AS was specific 
over this concentration range, since its complementary 
sense oligodeoxynucleotide (TI-S) produced little 

25 inhibition of 697 cell growth in replicate cultures (see 

Figure 2) • 

EXAMPLE 9 - 

Influence of Serum Preparation on Inhibition bv Antisense 

Phosphorothioate oliaodeoxvnucleotides 
3 0 To further define the effects of serum 

preparation on the inhibitory activity of 

phosphorothioate oligodeoxynucleotides, FBS that had been 
heated to 56 'C for 3 0 minutes, 68 for 1 hour, or not 



heated prior to addition to cultures was added to 
cultures of RS11846 lymphoma cells. 

RS11846 cells were cultured in medium 
containing 1% (vol:vol) HLl-concentrate or 5% (voltvol) 
FBS that had been heated at SS'C for 0.5 hour, 68-C for 
1 hour, or that had not been heated. Cell counts were 
calculated as a percentage Relative to control cultures 
treated with equivalent concentrations of TI-S 
phosphorothioate oligodeoxynucleotide, and represent the 
mean percentage (standard deviation was less than 10% for 
all values) for duplicate cultures counted on days 4 
and 5. 

The TI-AS phosphorothioate oligodeoxynucleotide 
completely inhibited the growth of RS11846 cells at 25 
^M with an estimated half -maximal inhibitory 
concentration of approximately 11 MM. In contrast, this 
phosphorothioate oligodeoxynucleotide was considerably 
less effective in cultures containing 5% (v:v) FBS. 
Furthermore, heating FBS prior to adding it to cultures 
did not significantly improve the ability of the TI-AS 
phosphorothioate oligodeoxynucleotide to suppress the 
growth of RS11846 lymphoma cells. At an 
oligodeoxynucleotide concentration of 50 mM, inhibition 
of proliferation of RS11846 cells never exceeded 48% 
serum-containing cultures, regardless of the heating 
procedure used. 

FYAMPLE 10 

Tn^m.nce n..i^.^. of 9Pnm on inhibition by Normal 
p>,„.nho r >-^H.»^^>' AntisPn-;P ol i qodeovynucleotxdes 
TO further characterize the nature of the 
interfering substances in serum, experiments were 
performed wherein 68-C-heated serum was extensively 
dialyzed (molecular weight cutoff = 3500) prior to being 
added to cultures of 697 leukemic cells. Experiments 
were conducted with 12.5 MM TI-AS phosphorothioate 
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oligodeoxynucleotide and 200 mM of the normal 
oxygen-based TI-AS oligcdeoxynucleotide. 

697 cells were cultured in medium containing 1% 
(vol: vol) HLl-concentrate (A) or 5% (vol: vol) of three 
5 different lots of 68"C-treated FBS (B,C,D). Each serum 

preparation was contrasted before (ND) and after (D) 
extensive dialysis. TI-AS (+) and TI-S (-) 
oligodeoxynucleotides were added to replicate cultures at 
200 MM for normal oxygen-based oligodeoxynucleotides 
10 (OXY) and at 12.5 uM for phosphorothioate 

oligodeoxynucleotides (PT) . Relative levels of DNA 
synthesis (kcpm) were measured after 2 or 4 days of 
culture for normal and phosphorothioate 
ol igodeoxynucleotides , respectively . 

15 For the three different lots of FES tested, two 

exhibited little change after dialysis in cultures 
containing either normal or phosphorothioate 
oligodeoxynucleotides. One lot of FBS, however, appeared 
to interfere less with the inhibitory activities of these 

20 antisense oligodeoxynucleotides after dialysis. 



EXAMPLE 11 

Experiments with Stablv Transfected KIH 3T3 Cells 
Though the antisense oligodeoxynucleotides 

described herein were designed to block jbcI-2 mRNA 
25 translation (TI-AS) and splicing (SD-AS) , the molecular 

mechanisms of their actions are not yet known. To 

determine the effect of formation of 

oligodeoxynucleotide-RNA hybrids within cells upon 

inhibition of cellular growth, irrespective of the 
3 0 nucleotide sequence, cells transformed to express human 

jbci-2 cDNA transcripts were cultured with normal 

oligodeoxynucleotides. 
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200 of normal TI-AS and TI-S 
oligodeoxynucleotides were added to cultures of typical 
NIH 3T3 cells and to cultures of these cells that had 
been stably transfected with expression constructs that 
produce high levels of human bcl-2 cDNA transcripts for 
either the usual sense (3T3-alpha-S cells) or the 
antisense (3T3-alpha-AS cells) strand. 

For RNA blot analyses, polyadenylated mRNA was 
purified from normal NIH 3T3 cells and from cells stably 
transfected with expression constructs that produce 
either sense ( 3T3-alpha-S) or antisense ( 3T3-alpha-AS) 
recombinant bci-2-alpha mRNAs, according to the method of 
13. Approximately 5 fsg of mRNA was subjected to RNA blot 
analysis, essentially as described in (16) , using either 
^2p-labeled hybridization probes derived from human or 
murine jbcI-2 sequences. 

An autoradiogram resulting from a one-day 
exposure of a blot containing RNAs from normal 3T3 ceils, 
3T3-alpha-AS cells, and 3T3-alpha-S cells showed high 
relative levels of recombinant 2.4 and 1.4 kbp jbci-2 
transcripts produced from the jbci-2 expression constructs 
that were transfected into 3T3-alpha-AS and 3T3-alpha-5 
cells. 

A 10-day exposure of a blot containing RNA from 
normal 3T3 cells that were either proliferating or 
quiescent at the time of harvesting RNA showed low but 
detectable levels of normal 7.5 and 2.4 kbp murine jbcI-2 
transcripts present in proliferating 3T3 cells. 

TI-AS oligodeoxynucleotide specifically 
suppressed DNA synthesis and cellular replication in 
cultures of normal NIH 3T3 cells, consistent with 
findings by others that fibroblasts do contain jbcI-2 
transcripts, albeit at low lev«ls. The TI-AS 
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oligodeoxynucleotide disclosed herein is complementary to 
the mouse bcl-2 sequence in 18 of its 20 bases (17), 
accounting for its ability to suppress the growth of 
murine NIH 3T3 cells. 

NIH 3T3 cells, 3T3-alpha-AS cells, and 
3T3-alpha-S cells were cultured in medium containing 5% 
(vol: vol) 68-C-treated serum and either HBSS, 200 UK TI-S 
normal oligodeoxynucleotide, or 200 mM TI-AS normal 
oligodeoxynucleotide. Relative levels of DNA synthesis 
(kcpm) were measured in cultures after 3 days and reflect 
a 16 hour incubation with 0.5 Mci/well of [^H] -thymidine, 
cell densities, estimated by phase microscopy, were 
consistent with the measured DNA synthesis in cultures. 
The percentage of inhibition of DNA synthesis in cultures 
containing TI-AS oligodeoxynucleotides was calculated 
relative to control cultures containing HBSS. 



As with normal NIH 3T3 ceils, culturing 
3T3-alpha-S cells (producing human bc2-2-alpha sense 
transcripts) with TI-AS and TI-S oligodeoxynucleotides 

20 demonstrated specific suppression, since the sense 

oligodeoxynucleotide TI-S was not inhibitory. The level 
of inhibition of cellular proliferation by the antisense 
oligodeoxynucleotide, however, was not as great in 
3T3-alpha-S cells, as might be expected, since these 

25 cells contain more bcI-2 mRNA. 

Adding TI-S oligodeoxynucleotide to cultures of 
3T3-alpha-AS cells (produce antisense bcl-2 transcripts) 
ruled out inhibition of cellular growth through a 
nonspecific mechanism involving oligodeoxynucleotide-RNA 
30 hybrid formation. The TI-S oligodeoxynucleotide caused 

little suppression of 3T3-alpha-AS cell proliferation, 
whereas the TI-AS oligodeoxynucleotide was markedly 
inhibitory in these cells. Similar data were obtained 
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with TI-AS and TI-S phosphorothioate 
oligodeoxynucleotides . 



EXAMPLE 12 

Measurements of DNA Fracrmentation as an Indicator of 
5 bcl-2 Antisense Oliaodeoxynucleotide-Mediated Programmed 

Cell Death in Human Lymphoma Cels 
Oligonucleotides having the sequences shown in 
Table 2 were tested for the ability to induce programmed 
cell death (DNA fragmentation) in the human 
10 t ( 14 : 18 ) -containing human lymphoma cell line RS1184 6. 

The oligonucleotides were all phosphodiesrers , and were 
targeted against the translation initiation site or the 
5* -cap region of bcl-2 pre-mRNAs. Ccnrrcl 
oligodeoxynuclecrides included a bcl-l sense version 
15 (TI-S) of Tl-AS (having SEQ ID NO: 7) and a scrambled 

version cf TI-AS thar has the same base composition, but 
with jumbled nucleotide order. 
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SEQUENCE 




SEC ID 


:o 






8 




TACCGCGTGC 


GACCCTC 


9 




CCTTCCTACC 




11 




GACCCTTCCT 




12 




GGAGACCCTT 




13 


25 






14 






ACGGA 


15 






«^ ^ ^ 


16 



RS11346 cells were adapted co crow in HLl media 
with 1% FCS and ^heir DNA metabolically labeled by 
addition of '^'I-deoxyuridine to cultures for three hours. 
Labeled cells were then washed thoroughly and cultured 
for two days in the presence of various cligcrucleotides 
at 50 AM. Cells were then recovered from 200 mL cultures 
by cenrrif ugation , and lysed in a hypctcnic buffer 



containing 10 mM EDTA and 14 Triton XlOO, After 
centrifugation at 16,000 xg to pellet unfragmented 
genomic DNA, the supernatant fraction containing 
fragmented DNA was extracted with phenol/chloroform and 
ethanol precipitated. This DNA was then subjected to gel 
electrophoresis in 1.5% agarose gel and transferred to 
nylon membranes for autoradiography. 

The results of two experiments are shown in 
Figures 3 and 4. The six jbci-2 antisense oligonucleotides 
targeted in the vicinity of the ATG site of translation 
initiation in bci-2 inRNAs were tested. "C-Oliao-2" 
refers to an oligonucleotide with 4 purposeful 
mismatches. "U" indicates untreated ccntrol cells. 
Figure 4 shews the results fcr rhe cligonucleozides shewn 
in Figure 3. "Sc2C'* refers tc a 20 mer with the same base 
composition as TI-AS, but with scrambled sequence. 
Figure 4(b) shows the results for three oligonucleotides 
targeted against the 5 ' -cap of bcl~2 mRNAs. The numbers 
refer ro the distance of these clicomers from -he 
ATG-transla-icn iniriation site. 

The presence of a ladder of ITNA fracnents (unii 
size cf approximately 200 bp) is indicative of prccrarjned 
cell death. At 50 J.H, TI-AS caused little DNA 
fragmentation, whereas the oligonucleotides having SZQ IT 
NO: 9 and SEQ ID NO: 10, and cne of the 5 ' -cap 
oligonucleotides (SEQ ID NO: 14) led to pronounced DNA 
fragmentation, 

EXAMPLE 13 

Concentration-Dependence cf Inhibition bv Antisense 
Phosrhodiester 01 iaodeoxvnucleot ides in Serum-Free 
Cultures 

697 pre-B cell leukemia cells were cultured in 
medium with either 1% (vol:vci) HL-1 concentrate 
(serum-free conditions [o] or 3% (voi:vcl) 68'C-treated 



) 

-35- 




serum (FBS2) [_] , see Figure 5. Shown are cellular 
densities measured after 2 days in cultures containing 
various concentrations of phosphodiester TI-AS 
oligodeoxynucleotide. Data are shown as percentages 
5 relative to control cultures treated with a sense 

oligonucleotide, and reflect the mean ± standard 
deviation for duplicate samples. 

EXAMPLE 14 

Immunofluorescence Analysis of bcl-2 Protein Levels in 
10 Oliaodeoxvnucleotide-Treated 697 Cells 

For studies with oligodeoxynucleotides , 0,25x10^ 
(for phosphorothioare) or 0.5x10^ (for normal 
oligodeoxynucleotides) , 697 cells were cultured in 1 ml 
of HL-1 serum-free nedium in 24 well culture dishes 
15 (Linbro. Flow Lab, Inc.)- After 2 days (for normal) or 

4 days (for phosphcrothioates) , cells were recovered frcm 
cultures, washed once in r?BS, pH 7.4 (Gibco) - 0,1% 
bovine serum albumin - 0.1% sodium azide] , and fixed for 
5-10 minutes on ice in 1% paraf ormaldehyde/PBS solution. 
2 0 The cells were then washed once in PBS and incubated in 

1 ml of absolute methanol ar 20 for 10 minures. After 
washing once in PBS-A, cells were then resuspended in PBS 
containing 0.05% Tritcn-XlOO for 3 minutes on ice, washed 
in PBS-A and preblccked for 3 0 minutes at 4^C in PBS with 
25 10% (v/v) heat-inacrivated goar serum. 

For addition cf rhe first antibody, preblccked 
cells were resuspended in 100 ;il of PBS-G (PB£-1% goat 
3erum-0.1% sodium azide) prior to- aliquoting 50 u.! into 
separate tubes that conrained 1 ^1 of either BCL2 

30 antibody (Haider et al., .Vature (London), 342:195-197 

(1989)) or affinity-purified normal rabbit control IgG 
(Cappel 6012-0080) and incubated for 1 hour on ice. The 
3CL2 antibody used for these studies was prepared in 
rabbits using a syntheric peptide corresponding to amino 

35 acids (98-114) of the 3CL2 protein and was affinity — 



purified by protein-A-Sepharose chromatography and used 
at approximately 1 mg/ml. Cells were then washed in 
PBS-A and incubated in 0.5-1,0 ml PBS-A for 15-2 0 minutes 
on ice to allow diffusion of nonspecific cell-associated 
antibody prior to resuspending cells in 100 m1 of PBS-G 
containing 5 of biotinylated scat anti-rabbit IgG 
(BAIOOO; Vector Labs) for 3 0 minutes. After washing once 
and incubating for 15 minutes in PBS-A, cells were 
finally resuspended in 100 m1 of PBS-A containing 2 /ig of 
FITC-conjugated avidin (Vector Labs A2011) for 20 minutes 
and washed three times in PBS-A prior to analysis with an 
Ortho cytof luorograph 50-H connected to an Orrho 2150 
data-handling system. The specificity of method for 
detecting BCL2 protein was confirmed by 
immunofluorescence microscopy (shewing cytosolic stain 
peptide competition, and studies of cell lines that 
expressed various levels of BCL2 mRNA and proteins 
through gene transfer manipulations. 

For measurements of surface HIA-DR antigen 
expression, an indirect immunofluorescence assay method 
was used (Reed et al., J. I.-.-nuncl. 134:1631-16 3 9 (1985)) 
involving incubation of viable cells with a murine 
anti-HLA-DR monoclonal antibody (IgG2a' (Bectcn-Dickinson 
7360) or a negative control antibody, R3-367 (IgG2a) , 
followed by FITC-conjugated scat anti-mouse IgG (Cappel 
1711-0081) . Cells were fixed in 1% paraf ormaldehyde/PBS 
prior to FACS analysis. 

697 cells were cultured for 2 days (PC) or 
4 days (PS) with various oligonucleotides- In Figure 6, 
the black columns show the results with a sense 
oligonucleotide, and the hatched columns with an 
antisense oligonucleotide TI-AS. Cells were labeled with 
anti-bci-2 antiserum and analyzed by FACS. Data are 
expressed as percentages relative to "he mean 
fluorescence obtained with untreated 697 cells. 



Figure 7 shows typical FACS results obtained 
for 697 cells before and after treatment with 100 ^^H PO 
ijcI-2 antisense oligonucleotides. A: untreated 697 
cells labeled with either anti-bc2-2 antiserum (hatched 
area) or normal rabbit serum control (white area) ; B: 
untreated 697 cells labeled with either anti-HLA-DR 
antibody (hatched area) or a negative control antibody 
(white area) ; C: 697 cells cultured for 2 days with 
either normal bcI-2 TI-AS (white area) or TI-AS (hatched 
area) oligodeoxynucleotides and labeled with anti-bcl-2 
antibody; D: 697 cells cultured with TI-AS and TI-S 
oligodeoxynucleotides (as in C) , but labeled with 
anti-HLA-DR antibody. 

As shown in Figures 6 (a) and (b) , PO and PS 
jbc2-2 antisense oligonucleotides produced specific 
concentration-dependent reductions in the levels of bcI-2 
proteins, without altering the levels of expression of 
HLA-DR (Figure -7) and other control antigens. At 150 
MM, for example, PO antisense oligodeoxynucleotide caused 
an approximately 75-95% reduction in bcl-2 fluorescence, 
whereas rhe control sense oligodeoxynucleotide diminished 
bcI-2 protein levels by only 10-20% (Figure 6(a)). 
Similarly, cultured 697 cells for 4 days with the PS 
antisense oligodeoxynucleotide ar 2 5 mM resulted in 
approximately 70% reduction in hcI-2 fluorescence. In 
comparison, the sense PS oligodeoxynucleotide TI-AS 
inhibited bcI-2 protein levels by only approximately 15%, 
as measured by this assay (Figure 6(b)). 

SIGNIFICANCE 

In phosphorothioate oligodeoxynucleotides, one 

of the non-bridging oxygen atoms in each internucleotide 

phosphate linkage is resolaced by a sulfur atom. This 

modification renders phosphorothioate 

oligodeoxynucleotides extremely resistant to cleavage by 
nucleases. Stein et al . , Nucl. Acids Res., 15:3209-3221 



(1988). Despite the substitution of a sulfur atom for an 
oxygen, phosphorothioate oligodeoxynucleotides retain 
good solubility in aqueous solutions; hybridize well, 
though with soTne decrease in the melting temperature of 
RNA-oligodeoxynucleorides duplexes; and are synthesized 
conveniently by the videly employed method of automated 
oligodeoxynucleotides synthesis with phosphoroamidites . 

• 

Antisense bcl-2 phosphorothioate 
oligodeoxynucleotides have been found to be more potent 
inhibitors of leukemic cell grown than their normal 
oxygen-based counterparts. When tested under serum-free 
conditions, these oligcdeoxynucleotides reduced cellular 
orolifera^ion by half ar concentrations of approximately 
-.5-23 ^M, whereas -1-5 ncmal oligodecxynucleozide 
achieved 50% inhibiricn a". 125-250 uM. This finding may 
be explained by the reduced sensitiviry of 
ohosohororhioare oligcdecxynucleotides to cellular 
"-nucleases, or may be attributable to other mechanisms, 
-or example, mRNAs hybridized with phcsphorothioars 
ol^aodecxvnuclectides may experience enhanced degradation 
through a mechanism involving an RNAse H-like activity. 

Despite their increased inhibitory activity, 
ohosphorat.hioate"antise.nse oligodeoxynucleotides retained 
sequence-specificity. At the concentrations testec (less 
than 25 MM) , sense versions of these 

oligodeoxvnucleotides had little effect on leukemic ce.l 
crowth. 3cth normal and phosphorothioate antisense 
^liaodecxvnucleotides appeared to initially suppress tna 
proliferation of leukemic cells through non-cytotoxic 
mechanisms. During the first few days of culture, 
cellular replication was inhibited without a concomitant 
rise in cell death. Later in these cultures idays 4-5 
^or normal oligodeoxynucleotides, days 6-3 :or 
phosphorothioates), however, cellular viabilities 
declined- 
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Comparing the kinetics of inhibition by normal 
and phosphorothioate oligodeoxynucleotides revealed that 
the latter compounds have a slower onset of action. 
Maximal inhibition of leukemic cell proliferation by 
5 normal antisense oligodeoxynucleotides occurred two days 

after initiation of cultures, whereas phosphorothioate 
oligodeoxynucleotides required 4 to 7 days to achieve 
maximal inhibition. 

The usefulness of anticode oligomers in 
10 inhibiting human lymphoma/ leukemia cells and other types 

of cancer cells that express the bcI-2 gene has been 
shown by the examples herein. Anti-sense 
oligodeoxynucleotides complementary to at least an 
effective por-ion cf the mRNA of the human bci-2 gene has 
been found tc inhibit growth of RS11846 human follicular 
lymphoma cells t (14; 13) chromosomal translocation and 
high jbci-2 expression) , 697 human pre B cell leukemia 
cells (high rcI-2 expression) , JURKAT human acute 
lymphocytic leukemia cells (medium JbcI-2 expression) , 
normal human Iv-mphocytes (medium bcl-l expression) and 
murine fibroblas-s (lew bc2-2 expression). Although 
bcI-2 antisense reagents can suppress the growth of many 
types of cells, the t(14:lS) lymphoma and leukemia ceils 
seem to be the sensirive, allowing for specific 
25 inhibition of malignant cells. 

As demonstrated in the following Examples, a 
variety of DNA analogs can be employed in the instant 
invention. For example, phosphorothioates , 
methylphosphonates , and mixed oligomers containing 
30 combinations of phosphodiesters and phosphorothioate or 

methylphosphonate nucleosides. It shcud be understood 
that RNA analogs can also be employed in the invention. 
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EXAMPLE 15 

MethvlDhosDhonate rMPl /Phosphodiestier (PO) bcl-:> 
Antisense Oligomers Induce Death of DqHH2 Lymphoma Cells 

The purpose of this study was to determine the 
efficacy of various analogs of the anticode oligomers for 
inhibiting lymphoma cell survival. 

DoHH2 is a human lymphoma cell line containing 
a t (14 : 18) -translocation that activates the bcl-2 gene. 
DoHH2 cells were cultured for 3 days without oligomers or 
in the presence of various concentrations of antisense 
(As) and scrambled (Sc) methylphophonate 
(MP) /Phosphodiester (PO) oligomers for 3 days. Cell 
viablity was assessed by trypan blue dye exclusions, and 
the data expressed as a percentage relative to DoHH2 
cells cultured without oligomers. The MP/PO oligomers 
was an 18-ner targeted against the first 6 codons of the 
bcl-2 open reading frame in which 5 internal linkages 
were phosphodiester and the flanking nucleosides were 
methylphcphonates • 

The results indicate that these anticode 
oligomer analogs are potent and specific inhibitors of 
lymphoma cell survival. 

EXAMPLE 16 

Methvlphosohonate (MP) /Phosphodiester f PO) Chimeric 
Oligomers Inhibit Growth of MCF-7 
Human Breast Cancer Cells 
The purpose of this study was to determine the 
efficacy of the claimed anticode oligomer analogs to 
inhibit the survival of solid tumor cells which highly 
express bcl-2. 

MCF-7 is a human breast adenocarcinoma cell line 
that contains relatively high levels of bcl-2 protein. 
The cells were cultured at 4,000 cells per well in 96- 



well microtiter plates in the presence or absence of 
MP/PO oligomers. Relative cell numbers per well were 
then estimated by MTT assay, based on a standard curve 
prepared using freshly plated, untreated MCF-7 cells, 
5 The antisense (As) and scrambled (Sc) MP/PO oligomers wer 

the same as those described in Example 16. Data 
represent the mean +/" standard deviation for 
determinations. 

The results demonstrate sequence specific 
10 inhibition of growth of solid tumor cells by the the 

claimed anticode oligomer analogs. 

EXAMPLE 17 

Qptimimization of Anticode bcl-2 Oligomer Sequences 
The purpose of this study was to determine 
15 optimum target sites or sequence portions on mRNA for 

inhibiting cell survival by contacting the cells with 
various claimed anticode molecules whose sequences were 
computer generated . 

DoHH2 lymphoma cells were treated with various 
20 concentrations of oligomers targeted to different sites 

on the bcl-2 mRNA. The ATG oligomer targets the 
translation initiation site, and is complementary to the 
first 6 codons of the open reading frame. The Dscore 2 3 
and Dscore 72 oligomers target sites in the 5' 
25 untranslated region of the mRNA. Sc oligomers represent 

negative controls having the same length and base 
composition but in scrambled order. All oligomers were 
prepared as phosphodiester (PO) /phosphorothioate (PS) 
chimeras, where only the last (3*) two internucleoside 
3 0 linkages were phosphorothioates, oligomers were added 

directly to cultures and relative numbers of viable cells 
were estimated by MTT assay 3 days later. Data represent 
mean +/- standard deviation. 



The results indicate that the Dscore 23 
oligomer, targeted to the 5» untranslated region, has, 
compared to the other anticode oligomers tested in this 
Example, superior activity for inhibiting cell survival. 

EXAMPLE Iff 

Reveral of Chemoresi stance of Tumor Cells bv Antisgnj^g>- 
Media ted Reduction of bcl-2 Gene Expression 

The following work was undertaken to determine 
if anticode oligomers directed against the expression of 
the bcl-2 gene would reverse chemoresistance, that is to 
say, increase the sensitivity to cancer chemotherapeutic 
agents in cancer tumor cells expressing the bcl-2 gene. 

High levels of bcl-2 protein appeared to 
increase the relative resistance of lymphoid cells to 
killing induced by a wide variety of cancer 
chemotherapeutic agents including, but not limited to, 
Ara-C, MTX, vincristine, taxol, cisplatin, adriamycin, 
etopos ide , mitozanTiron , 2 -chl orodeoxyadenos ine , 
dexamethasone (DEX) , and alkylating agents, (Miyashita, 
T. and Reed, J.C, Cancer Res . 52:5407, October 1, 1992). 
While these drugs have diverse biochemical mechanisms of 
action, it is believed that all have in common the 
ability to ultimately trigger cancer cell death by 
activating endogenous cellular pathways leading to 
apoptosis (Eastman, A. Cancer Cells 2:275 (1990)). It is 
understood that the claimed anticode molecules and 
analogs thereof as used herein are effective for their 
intended purposes of enhancing sensitivity to cancer 
chemotherapeutic drugs including, but not limited to, 
antimetabolites, alkylating agents, plant alkaloids, and 
antibiotics . 



Antimetabolites include, but are not limited 
to, methotrexate, 5-f luoruracil , 6-mercaptopurine, 
cytosine arabinoside, hydroxyurea, 2 0chlorodeoxy 
adenosine. 

Alkylating agents include, but are not limited 
to, cyclophospham; ide, melphalan, busulfan, cisplatin, 
paraplatin, chlorambucil, and nirrogen mustards. 

Plant alkaloids include, but are not limited 
to, vincristine, vinblastine, VP-16, 

Antibiotics include, bu- are not limited to, 
doxorubicin (adriamycin) , daunorubicin, mitomycin c, 
bleomycin, 

Crher cancer chemotherapeutic agents include 
DTIC (decarbazine) , mAMSA, hexamezhyl melamine, 
mitroxantrcne , taxol, etoposide, dexamethasone. 

In zhe present work, bczh nuclease rssistancs 
phosphcrcrhioates (PS) and phosphcdieszers in which only 
"he 3 ' -nics w internucleoside bend vas a thicate linkage 
(PO/PS) were employed. The FO/PS oligcmers are 
resistance to 3' exonucleases (the principal nuclease 
activity of serum) and generally form more stable 
heteroduplexes with target RNAs. 

Carionic lipids were used to improve the uptaka 
and subsequent^ release of oligomers into effective 
intracellular compartments, and are exemplary 
pharmaceutical carriers for the claimed anticode 
cliaomers. 

The methods for preparing and purifiying the 
antisense (AS) and scrambled (SC) 13'mer oligonucleotides 
used for the present work are described above in General 
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Methods and in Kitada et al. (ftnti sense R & D, 3:157 
(1993)). Phosphodiester oligonucleotides were 
synthesized in a 10-15 micromole scale using 
phosphoroamidate chemistry with oxidation by iodine, and 
then purified using a C„-reverse phase column. In most 
cases, oligomers were additionally ethanol-precipitated 
five times to eliminate any nonspecific cytotoxic 
activity, and then dried. and resuspended in sterile HL-1 
medium (Ventrex Labs, Inc; Burlingame, CA) at 1-10 mM. 
The pH of this solution was adjusted using 1-10 M NaOH 
until the phenol red indicator dye in the media returned 
to its original color. 

The principal oligomers used were 18-mers, 

having either the sequence: 

I. TCTCCCAGCGTGCGCCAT (SEQ ID NO. 17), which is 
antisense to the firsr six codons of the human bcl-2 
open reading frame (SEQ ID NO. 19); or 

II. TGCACTCACGCTCGGCCT (SEQ ID NO. 18), which is a 
scrambled version used as a control. 

Standard trans fection methods were used to 
produce tumor cells expressing either the bcl-2 gene or 
an antisense oligodeoxynucleotide which bound to bcl-2 
n^RNA. It is understood that the vector could also encode 
an antisense oligodeoxynucleotide which binds to bcl-2 
pre-mENA. The particular nucleotide sequence encoding 
the antisense oligonucleotides of the invention is not 
critical, except that the sequences are preferably chosen 
such that they express antisense oligodeoxynucleotides 
sufficient to reduce bcl-2 gene expression in tumor cells 
and increase the sensitivity of the tumor cells to cancer 
chemotherapeutic agents or sufficient to kill tumor cells 
when they are treated with cancer chemotherapeutic 
agents. It is only necessary that the antisense, 
oligodeoxynucleotide encoded in vector is expressed under 



conditions sufficient to reduce bcl-2 gene expression in 
tumor cells. The methods used for preparing vectors, 
and, in particular, expression plasmids, for tranf erring 
genes into mammalian cells relies on routine techniques 
5 in the field of molecular biology. A basic text 

disclosing the general methods of preparing expression 
plasmids used in this invention is Molecular Cloning, A 
Laboratory Manual . 2nd Editon, eds. Sambrook et al., Cold 
Spring Harbor laboratory Press, (1989), particularly 

10 Chapter 16 on Expression of Cloned Genes in Cultured 

Mammalian Cells. Examples 15C-D below set forth 
particular methods for preparing the expression plasmids 
used in the present invention. The particular vector 
used to transfer the antisense oligonucleotides of the 

15 present invention is not critical, and such vectors may 

include vectors derived from lambda and related phages or 
from filamentous phages. It is only necessary that the 
transfered nucleotide sequence encoding the antisense 
oligonucleotides of the present invention be expressed' in 

20 the transfected tumor cell under conditions sufficient to 

reduce bcl-2 gene expression in the tumor cell. The 
present invention includes expression of the antisense 
oligonucleotide either from an extrachromosomal position 
(e.g. from an expression plasmid) or from a position 

25 integrated into the host genome itself, as mediated by 

other vectors, such as recombinant retroviral vectors 
(Reed et al. bcl-2 mediated tumorigenicity in a T-cell 
lymphoid cell line: synergy with C-MYC and inhibition by 
bcl-2 antisense. PNAS USA 87:3660 (1990)). 

3 0 A. Treatment of Lymphoma Cells With 18-mer 

Synthetic bcl-2 Antisense 
OliQodeoxvnucleotides . 

Lymphoma cell line SU-DHL-4, obtained from a 
use of diffuse, histiocytic, non-Hodgins lymphoma 
35 (Epstein et al. Two new monoclonal antibodies (LN-1, LN- 

2) reactive in B5 formalin-fixed, paraffin-embedded 



tissues with follicular center and mantle zone human B 
lymphocytes and derived tumors. J. Immunol . 13 3:1028 
(1984)) and containing a t(l4;18) translocation was 
treated with 18-mer synthetic bcl-2-AS 

oligodeoxynucleotides targeted for binding with the first 
six codons of the bcl-2 mRNA. As a control, SU-DHL-4 
cells were treated with various control oligomers, 
including 18-mers having the same nucleoside composition 
as the AS oligomer, but in which the bases were in 
scrambled order (SC) . 

Aliquots of 1.5 ml of HL-1 serum-free medium 
(Ventrex Labs, Inc.) supplemented with 1 mM L-glutamine, 
50 Units/ml penicillin, and 100 ug/ml streptomycin and 
either 5 ug of purified oligonucleotides or 30 ug of 
Lipofectin' [1:1 w/w mixture of 

N- ( 1-2 , 3-dioleyloxy) propyl) -n, n, n-trimethylammonium 
chloride (DOTMA) and dioleoylphophotidylethanolamine 
(DOPE)] were combined and added to 0.75 X 10^ SU-DHL-4 
cells in 3 mis of HL-1 medium. Cells were then either 
cultured at 37' C in a humidified atmosphere of 5% C02/95% 
air in 24 well plates (2 mis/well) for immunoblot and 
RT-PCR assays, or in 96-well flat-bottom microtiter 
plates (0.1 ml/well) for MTT assays. For cells in 
microtiter cultures, typically 0.1 ml of additional HL-1 
media with or without various chemotherapeutic drugs was 
added after 1 day, and the cells were cultured for an 
additional 2 days before performing MTT assays. 

Cells were washed once in PBS, lysed in a 
buffer containing 1% Triton XlOO, and samples normalized 
for protein content (25 ug) prior to size-f ractionation 
of proteins by SDS-PAGE (12% gels) and transfer to 
nitrocellulose filters for immunoblot assays as described 
in Reed et al. Cancer Res. 51:6529 (1991). Preliminary 
experiments determined that aliquots of lysates 
containing 2 5 ug of total protein produced results in the 



linear range of the assay. Blots were first incubated 
with 0.1% (v.v) of a rabbit antiserum directed against a 
synthetic peptide corresponding to amino-acids (aa) 41-54 
of the human Bcl-2 prcrein, as shown in SEQ ID NO, 21 
( id) followed by 2 . 8 ug/ml biotinylated goat anti-rabbit 
IgG (Vector Labs, Inc.)^ Bands corresponding to p26-Bcl-2 
were then visualized by color development using a 
Horseradish Peroxidase (HRP) -avidin-biotin complex 
reagent (Vector Labs, Inc) and 3 , 3 * -diaminobenzidine 
(DAB) . Stained blots were then incubated with a second 
anti-Bcl-2 antibody directed against aa 61-76 cf the 
3cl-2 protein (SEQ ID NO. 21) followed by 0.25 uCi/ml 
'^1-protein A. Bcl-2 bands were excised from the blots 
and subjected to gamma-counting. 

Despite zhe ni rochondrial location cf 3cl-2 
protein, r.c difference in the rate of MTT dye reduction 
by mitochcndrial en2yr.es was noted in cells that were 
identical except for their levels of p26-Bcl-2. These 
comparisons were made using pairs of exponentially 
growing lymphoid cell lines that differed only in zhat 
cne line had been szabiy infec-ed with a recombinant 
jDcl~2 retrovirus and the other with the parental 
reT:rovirai veccor lacking a bcl-2 cDNA insert (Miyashi^a 
e- al. Cancer Res . 52:5407 (1992); Blood 61:151 (1993)). 

Anticode specific reductions in the relative 
levels of bcl-2 mRNA were deteced within 1 day by a semi- 
quantitative reverse transcriptase polylmerase chain 
reaction (RT-PCR) assay. See Figure 3A. 

SU-DHL-4 cells were cultured with 0.S3 ug/ml cf 
oligomers complexed wirh 5 ug of cationic lipids 
(Lipofectin; BRL/Gibco, Inc.) per ml of serum-free media 
y(13,19). In Figure SA, total RNA was isolated from 
cells after 1 day and relative levels of bcl-2 and 
glyceraldehyde 3* -phosphate dehydrogenase (GAPDH) mRNAs 



were assessed by RT-PCR assay as described in Kitada et 
al. Antisense R&D 3:157 (1993)). 



In Figure 8B, SU-DHL-4 cells were cultured with 
pairs of either PS (squares) or PO/PS (circles) As- and 
Sc-oligomers for 3 days. Relative levels of Bcl-2 
protein were then measured using a quantitative 
immunoblot assay, as described above, and the data 
expressed as a percentage relative to cells treated with 
control Sc-oligomers . The inset shows iimunoblot results 
for p26-Bcl-2 and a p75 cross-reactive (CR) band in a 
case where As-PO/PS oligomer produced a 41% relative 
decrease in Bcl-2 protein levels. In Figure 8C, lO'^M 
Ara-C, MTX, or DEX was added 1 day after addition of PS 
(squares) or PO/PS (circles) oligomers to cultures of 
SU-DHL-4 cells, and MTT assays were perfcmed on day 3. 
Data are presented as a % control relative to cells 
cultured with drugs in the absence of any oligomers, and 
represent the results of 9 of 10 consecutive experiments 
[in one experiment, the MTT assay failed]. Similar 
results were obtained when dye exclusion assays were used 
to assess cell survival rather than MTT assay [not 
shown] . 

Mean values for the data are indicated by 
horizontal lines. Statistical analysis of the data was 
by paired t-test (As versus Sc) . Concentrations of As- 
and Sc-oligomers (-150 nM) were adjusted to maximize As 
effects while maintaining sequence specificity. 

Variations in the amounts of smarting RNA 
were controlled for by RT-PCR analysis using primers 
specific for GAPDH mRNA. 

The long half-life of the bcl-2 protein 
(approximately 14 hours) may account for rhe AS-mediated 
reductions in bci-2 proteins not being as dramatic as for 



reductions in bcl-2 loRNA, taking longer to achieve (about 
3 days) , and appearing more variable. 

Figure 8B shows the composite results for 10 
experiments where relative levels of bcl-2 protein were 
compared in SU-DHL-4 cells treated with AS or SC 
oligomers* AS-mediated reductions in bcl-2 protein 
levels ranged from as much as 66% to as little as 10%, 
with an average relative reduction of about 3 0%, compared 
to SU-DHL-4 cells that were treated in the identical 
manner with control oligomers. Levels of a variety of 
control mitochonrial proteins such as F^-beta-ATPase and 
cytochrome C, which like bcl-2 are encoded by nuclear 
genes, were not adversely affected by AS-oligomers (not 
shown) , indicating that the AS-mediated reductions in 
bcl-2 protein levels were specific. The insert in Figure 
SB, for example, shows a comparison of p26-Bcl-2 with a 
78-kDa protein that cross reacts with one of the rabbit 
antisera employed for immunoblot assays, demonstrating a 
decrease in the levels of p26-bcl-2 but not p78 in the 
AS-treated cells relative to cells that received control 
SC-oligomers . 

B, Effect of Treatment of SU-DHL-4 Cells with bcl-2 AS 
Oligomers on Cell Sensitivity to Cancer 
Chemotheraoeutic Agents 

This study was performed to determine whether 
treatment of SU-DHL-4 cells with bcl-2 AS-oligomers could 
increase their relative sensitivity to killing by the 
cancer chemotherapeutic agents Ara-C, MTX, and DEX, which 
are anticancer drugs. 

Previous control studies demonstrated that bcl- 
2 AS oligomers had little or no effect on SU-DHL-4 cell 
growth and survival at least during the first three days 
of culture (Kitada et al. Antisense R&D 3:157 (1993)). 
AS- mediated reductions in bcl-2 protein levels in these 



lymphoma cells as well as in other cells do nor typically 
accelerate the rate of cell death in cultures unless the 
cells are deprived of serum growth factors (Reed et al, 
Proc. Natl. Acad. Sci. USA 87:3660 (1990)). 

In the present work, preliminary studies 
demonstrated that more than 90% of SU-DHL-4 cells 
survived treatment for 4 days with high dose ( 10'^) ■ Ara-C , 
MTX or DEX, presumably because of their high levels of 
bcl-2 protein (Not shown). At these concentrarions , 
however, all drugs induced essentially complete 
inhibition of SU-DHL-4 cell proliferation, consistent 
with bcl-2 converts drugs from cytotoxic to cytostatic . 
Comparisons of AS and SC oligomers demonstrated that bcl- 
2 AS treatment markedly enhanced the sensitivity of these 
lymphoma cells to MTX and Ara-C, and to a lesser extent 
tc DEX (Figure SC) . 

Despite seme variability in results, on 
average, the additicn of bcl-2 AS oligomers to cultures 
of 5U-DHL-4 cells treated with MTX or Ara-C resulted in 
79-34% greater inhibition {reduction in viable cell 
numbers) than use of either drug alone (?< C.0C2 for AS 
versus SC) in the absence of introducing the be. -2 AS 
oligomers of the invention. Statistically significant 
results were obtained for DEX-treated SU-DHL-4 cells 
(?=0,01). The 20-304' reduction in viable cell numbers 
observed for control cliccmer-treated cells could reflect 
a degree of sequence non-specificity, but was probacxy 
related to the use of caticnic lipids to facil. 
oliaomer delivery into cells. 
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Effect of Transfecting Cells With Expression 
Plasmids Encoding Human bcl-2 Protein on Sensitivity 
to Chemotherapeutic Aaents . 

To further confirm the sequence specificity of 
5 bcl-2 AS oligomers for enhancing sensitivity to 

chemotherapeutic anticancer drugs, a study was conducted 
using an Interleukin-3 (IL-3 ) -dependent murine 
hemopoietic cell line 32D.C13 that had been stably 
transfected with expression plasmid encoding either the 
10 human bcl-2 protein or a viral homolog of bcl-2, BHRF-1, 

which has only 22% homology with bcl-2. 32D.C13 cells 
were obtained from Dr. Giovanni Rovera of the Wistar 
Institute, Philadelphia, PA. 

Treatment cf 32D cells with oligomer/cationic 
15 lipid complexes was as described above except that 50 

Units/ml of murine recombinant IL-3 (rlL-3) was included 
in the HL-1 media, the initial cell density was 10^ per 
ml, and replication-defective adenovirus dl312 (MOI=200) 
was added 3 0 minutes after exposure of cells to oligomers 
20 to facilitate exit of DNA from endosomes [Yoshimura K, et 

al. J Biol Chem. 268, 2300, (1993)]. 



32D cells that had been stable transfected with 
expression plasmids encoding either human p2 6-Bcl-2 or 
EBV p 19 -BHRF-1 (Takayama, S- et al . submitted) were 
cultured in medium (lO^/rai) containing IL-3 and PO/PS 
oligomers for 3 days to achieve reductions in human Bcl-2 
protein levels. The cells were then retreated with 
oligomers alone (C) or in combination with various 
concentrations of MTX and the relative number of viable 
cells assessed by MTT assay 2 days later. Data represent 
mean +/- standard deviation for triplicate determinations 
and are expressed as a % relative to cells that received 
no MTX. Statistical analysis of data for 10'* to 10'^ M 
MTX was by a 2-way Analysis of Variables method (Finney, 
D.J. In Statistical Methods in Biological Assays , p. 72, 



197^(3rd edition, Charles Griffin & Co 





London) . 



Comparable results were obtained with dye exclusion 
assays [not shown]. 

RNAs derived from the human bcl-2 construct in 
32D-BCL-2 cells were a target for bcl-2 AS oligomers, 
whereas RNAs from the BHRF-l expression plasmid are not. 
Thus the chemosensitivity to cytoxic drugs of 3 2D.C13 
cells expressing BHRF-1 should have been unaffected by 
the AS treatment. 



withdrawal of IL-3 from 32D.C13 cells, levels of 
endogenous mouse bcl-2 protein declined and the cells 
underwent apoptosis. bcl-2 and BHRF-1 comparably 
supported the survival of 32D.C13 cells in the absence of 
IL-3, and the proliferative rates of 32D.C13 cells 
containing high levels of these proteins were similar in 
the presence of IL-3, thus excluding these variables as 
explanations for any differences in chemosensitivity. 



and 32D-BHRF-1 cells to various concentrations of MTX. 
Treatment with bcl-2 AS-oligomers resulted in sequence- 
specific increases in the sensitivity of 32D-BCL-2 cells 
to inhibition by MTX at concentrations of 10"^ to 10'^ M 
(P< 0.001 for AS versus SC) . In contrast, treatment with 
bcl-2 AS oligomers produced no significant difference in 
the sensitivity of 32D-BHRF-1 cells to MTX, relative to 
control SC-oligomers (Figure 9) . These data indicate 
that the effects of bcl-2 AS oligomers on 
chemosensitivity to cytoxic agents drugs are sequence 
specific. Furthermore, several other control oligomer, 
including bcl-2 sense, other scrambled sequences with the 
same nucleoside composition as AS, and oligomers with 
totally unrelated sequences all had comparatively little 
effect on the chemosensitivity of the cells (Not shown) . 



Preliminary experiments demonstrated that upon 



Figure 9 compares the sensitivity of 32D-BCL-2 



m 

The findings above demonstrated that bcl-2 AS 
oligomers produced sequence specific reductions in bcl-2 
mRNA and bcl-2 procein levels and that these events were 
associated with increased sensitivity to chemotherapeutic 
5 agents such as anticancer drugs. The portion of tumor 

cells killed by the chemotherapeutic agents was greater 
than the portion killed by the same amount of 
chemotherapeutic agents in the absence of intoducing the 
bcl-2 AS oligomers of the invention, 

10 D. Effect of Transfectina Cells With Expression 

Plasmids Encoding Human bcl-2 Protein on Sensitivity 
of Lymphoma Cells to Chemotherapeutic Aaents, 

A different strategy was employed to determine 
if AS-mediared reductions in bcl-2 gene expression could 
15 be achieved with ar. inducible bcl-2 AS expression plasmid 

that used a heavy rietal rsspcnsive human metallcthionein- 
IIA promocer in anc-her rranslocacion t ( 14 ; 18 ) -containing 
lymphoma line, RS11S46. RS11846 was obtained from Dr. 
Carlo Crcce (Wistar Instiwure, Philadelphia, PA 
20 (TsujimouO and Croce, Prcc. Matil. Acad. Sci. USA 33:5214 

(1986) ) . 

Zz prapare the expression planid, a C.Sl kbp 
bcl-2 cDNA (ibid)) was subcloned in either antisense (AS) 
or sense (S) orienratino into a Hindlll site downs-ream 
25 of a human metalothionein-IIA prcmoter in the plasmid 

pMEP-4 (Invitrogen, Inc.). which contains a hygromycin 
phosphotransferase gene and the E3NA-1 gene and origin cf 
DNA replication from Epstein Varr* Virus for high copy 
episomal maintenance . 

30 RS11846 calls (5 X 10°) in Dulbecco's phosphate 

buffered saline containing 30 ug of plasmid DNA were 
elecrroporated (1500 uF, 270 V/cm) using a Celljecr 
Electroporation System from EquiBio, Inc, Cells were 
returned to their usual culture media RPMI-L 1640 




supplemented with 10% fetal bovine serum, l mM 
L-glutamine, 50 Units/ml penicillin, and 100 ug/ml 
streptomycin) at 2 X 10^ cells per ml and cultured for 
2 days before seeding cells at 2X10^ per ml in media 
containing 2 00 ug/ml hygroroycin. After 3 weeks of 
culture, the resulting bulk cell lines were passaged in 
successively higher concentrations of hygromycin in 
200 ug/ml increments until the concentration reached 
1 mg/ml (about 4 weeks) . 

Hygromycin-resistant RS1184 6 cell were cultured 
in RPMI/10% serum media containing 0.5 uM CdClj and 3 days 
later immunoblot assays were performed using 25 ug 
protein/lane essentially as described in Tanaka S, et al. 
J. Biol. Chem. 268, 10920 (1993) and in Reed et al. 
Cancer Res . 51:6529 (1991)). 

As summarized in Figure 10, control ("C") and 
Jbci-2-As ("As") plasmids were introduced into RS1184 6 
cells and expression was induced with either 0.5 uM CdCl2 
or 50 uM ZnClj for various times. As an additional 
control, RS11846 cells containing inducible piasmids with 
the jbcI-2 cDNA in sense ("S") orientation were also 
analyzed. RSil846 cells were induced for 3 days and 
relative, levels of Bcl-2 and F^-)9-ATPase proteins were 
assessed by immunoblot assay of Tanaka et al. J. Biol. 
Chem . 268:10920 (1993). In Figure lOA, RS11846 cells 
were cultured at 10^ cells/ml in medium containing 0.5 uM 
CdClj and 1 day later 10"^ M Ara-C or an equivalent volume 
of diluent control was added. Relative numbers of viable 
cells were estimated from MTT assays at various times and 
the mean +/- S.D. calculated for triplicate samples. In 
Figure lOB, RS11846 cells were cultured as in Figure lOA, 
except that various concentrations of Ara-C, MTX, or DEX 
were added. Data represent mean +/- S.D. for triplicate 
samples. Statistical calculations are by 2-way Analysis 



of Variables. DEX served as a negative control here 
since RS1134 6 cells have lost _ gia'cccorticoid receptors. 

Preliminary experiments demonstrated that 
RS11846 cells tolerated the addition of up to 0.5 microM 
CdClj or to microM ZnClj to cultures for one week, 
experiencing a slight decrease in growth rate but 
essentially no decline in percentage cell viability (Not 
shown) . 

In the absence of heavy metal induction, the 
relative levels of bcl-2 protein in RS11846 cells 
containing the control or bcl-2 AS plasmid were 
comparable, as determined by immuncblct assays (Not 
shown). When 0.5 uM CdCl^ or uM ZnCl- was added, 
reducrions in bcl-2 protein became evident in the AS- 
expressing cells ar 2 days and maximal inhibition of 30- 
40% was obtained az three to fcur days, relative to 
control RS11846 cells. 

Figure IDA shows an example of immunoblot daua 
derived frcm RS11S4 6 cells afaatar ^hrae days of exposure 
to 0.5 mM CdCl,, demonstrating reduced levels of bcl-2 
protein in rhe AS-plasmid containing cells compared tc 
RS11846 cells that harbored the con-crol plasmid. The 
relative levels of a control mirochrondrial protein F.- 
beta-ATPase were comparable in all cell lines, consistenz 
with sequence-specific alterations in bcl-2 protein 
levels. 

When RS11346 cells ccnraininc either the 
::ontrol or jbcI-2-As plasmids were cultured for various 
times in O.SuM CdClj or 50 uM ZnCl^/ no significant 
30 difference in the growth rates of these two cell lines 

was obser^/ed (Figure S3). Thus, As-mediated reductions 
in Bcl-2 protein levels by themselves did not impair 
RS11846 cell proliferation or survival. 
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Inclusion of low-dose Ara-C (lO'^M) in the 
cultures of control RS11846 cells resulted in only a 
slight decline in the net numbers of viable cells, 
presumably because of the high levels of Bcl-2 protein 
5 found in these t ( 14 ; 18) -containing lymphoma cells. In 

contrast, addition of IQ-^M Ara-C to cultures of bcl-2-AS 
expressing RS1184 6 cells was markedly inhibitory 
(Figure 8B) . Ara-C, however, had no effect on bcl-2 
AS-expressing RS11846 cells in the absence of heavy metal 

10 induction of the MT promoter, when directly compared with 

RS1184 6 cells containing the control plasmid under the 
same conditions [not shown]. Figure 8C shows that the 
enhanced sensitivity to Ara-C observed for 
JbcI-2-AS-expressi.-g RS11846 cells occurred over a wide 

15 range of drug concentrations (P<0.001). Heavy-metal 

induction of the i:cI-2-AS expression plasmid also 
significantly increased the relative sensitivity of 
RS11846 lymphoma cells to MTX (P<0.001), but not to DEX. 
Glucocorticoid receptor binding assays demonstated that 

20 RS11846 cells have lost receptors for these steroid 

hormones [not shown), thus providing a specificity 
control showing that AS-mediated reductions in bcl-2 
protein levels are by themselves insufficient to impair 
the growth or sur/ival of these IvTnphcma cells. 

25 Using a plurality of anticode approaches, the 

present invention demonstrated that average reductions of 
30-40% in the relative levels of bcl-2 protein markedly 
enhanced the sensitivity of lymphoma cells, in 
particular, t (14; IS) -containing lymphoma cell lines to 

30 chemotherapeutic agents such as conventional anticancer 

drugs. These examples demonstrated that introducing the 
claimed anticode oligomers into tumor cells achieves a 
reduction of bcl-2 expression and increases the 
chemosensitivity of neoplastic cells to chemotherapeutic 

3 5 agents or anticancer drugs. 



Accordingly, the present invention achieved a 
method of killing tumor cells by introducing to tumor 
cells anticode oligomers which reduce bcl-2 gene 
expression or impair Bcl-2 protein function before 
5 contacting the cells with chemo therapeutic agents 

including anticancer drugs. The conventional anticancer 
drugs reduced the numbers of viable malignant cells, and 
the portion of tumor cells killed was greater than the 
portion which would have been killed by the same amount 
10 of drug in the absence of introducing the anticode 

oligomers into the cells. 

Having thus disclosed exemplary embodiments of 
the present invention, it should be noted by those 
skilled in t.he art that this disclosure is exemplary only 
15 and that various other alternatives, adaptations, and 

modifications may be made within the scope of the present 
invention. Accordingly, the present invention is not 
limited to the specific emobodinents as illustrated 
herein, but is only limited by the following claims. 



